Intertidal crustaceans have a high degree of physiological plasticity, which allows them to withstand periods of water emersion. In this study we examine the physiological constraints that determine the distribution and abundance of the intertidal porcellanid crabs Petrolisthes laevigatus and Petrolisthes violaceus. This study evaluates the distribution and abundance of the two species at different tidal heights, in relation to haemocyanin concentration and LDH activity, resistance to air desiccation, thermal tolerance, and resistance to hypoxic water. The results showed that Petrolisthes laevigatus was more abundant at the high tide level than Petrolisthes violaceus, which was more abundant at the low tide level. Petrolisthes laevigatus showed greater tolerance to high temperatures and lower tolerance to desiccation when exposed to air than P. violaceus, which was also more tolerant to hypoxia during prolonged exposure. No differences were found in haemocyanin concentration and LDH activity. These findings support the idea of an evolutionary gradient towards terrestrial adaptations. Of the two species, Petrolisthes laevigatus showed the most advanced physiological features for semi-terrestrial specialization. RESUMEN: Diferencias fisiológicas y segregación de microhábitat en dos especies de crustáceos porcelánidos intermareales (Género Petrolisthes) en la costa sur de Chile. -Los crustáceos intermareales poseen un alto grado de plasticidad fisiológica, lo que les permite soportar periodos prolongados de emersión. En este estudio se examinaron algunas restricciones fisiológicas que determinan la distribución y abundancia de los porcelánidos intermareales Petrolisthes laevigatus y Petrolisthes violaceus. En este estudio se evaluó la distribución de estas dos especies a diferentes niveles del intermareal, relacionándolos con la concentración de hemocianina y actividad de la enzima LDH, resistencia a la desecación, tolerancia termal y la resistencia a agua hipóxica. Los resultados mostraron una mayor abundancia de P. laevigatus en la zona alta del intermareal y de P. violaceus en la zona baja. P. laevigatus mostró una mayor tolerancia a altas temperaturas y una menor tolerancia a la desecación durante la exposición aérea que P. violaceus, que además fue mas tolerante a prolongadas exposiciones a la de hipoxia. No se encontraron diferencias en la concentración de hemocianina y actividad de LDH entre las especies. Estos resultados apoyan la idea de un gradiente evolutivo hacia la los sistemas terrestres. P. laevigatus mostró más adecuaciones fisiológicas para la especialización semi-terrestre.
INTRODUCTION
. These conditions may include hours of air exposure, increased temperatures, and ambient hypoxia Organisms inhabiting the intertidal zone are rou-(Allen and Burnet, 2008). tinely exposed to environmental changes due to the tid-Traditionally, the classic distribution patterns of in al cycles and may sometimes spend 50% of their lives tertidal organisms in discrete vertical zones have been in semi-terrestrial conditions (Stillman and Somero, explained as the interplay between abiotic factors (e.g. (Viviani, 1969) . These species more important in the upper intertidal zone, whereas exhibit different zonation patterns and degrees of exbiotic factors are more relevant in the lower inter-posure to terrestrial conditions. Petrolisthes laevigatus tidal zone (Hofmann and Somero, 1995; Stillman and inhabits the upper intertidal zone, hiding underneath Somero, 1996; Somero, 2002; Stillman, 2002) . In spite large rocks (Viviani, 1969) . In contrast, P. violaceus of these generalizations, there is only limited infor-inhabits the lower intertidal zone, immediately below mation on the physiological specializations that have P. laevigatus, down to the subtidal zone, where it is allowed species with similar evolutionary histories to found underneath stones and on coarse sand (Viviani, inhabit different positions in the intertidal zone. 1969). Both species are likely to experience marked Several lineages of benthic marine animals have shifts in ambient temperature owing to variations in made the evolutionary transition from aquatic to ter-microhabitat isolation and tidal submersion/emersion restrial habitats. When a change in habitat takes place, patterns. either on an evolutionary timescale for a particular To test if differences in physiological responses are lineage or on the current ecological timescale for an associated with their position in the intertidal zone, we individual, the transition between two distinct physical evaluated differences in abundance of Petrolisthes laeenvironments, such as water and air, may have great vigatus and P. violaceus at different intertidal heights molecular and physiological costs (Greenaway, 2003) . in relation to their resistance to desiccation and the ef-We hypothesize that the position in the intertidal zone is fects of high temperatures, the concentration of oxygen representative of a species' position in the evolutionary in the water, and also haemolymph physiology (LDH transition from marine to land realms. Thus, the more activity, haemocyanin concentration). advanced characteristics associated with terrestrial life, such as water conservation and temperature tolerance, MATERIALS AND METHODS should be present in species of the upper intertidal zone, and the more plesiomorphic characteristics asso-This study was carried out in the rocky intertidal ciated with a mainly aquatic life should be observed in zone of Lenga, San Vicente Bay, Concepción, Chile species characterizing the lower intertidal zone.
(36°45'S 73°10'W), during low tides in austral sum-Porcelanid crabs are conspicuous organisms inhab-mer (January) 2004 (Fig. 1) . iting the intertidal zone, with several species distribut-We sampled crab abundance under large rocks in ed along the Pacific coast of North and South America the rocky intertidal zone. The density was measured (Carvacho, 1980; Stillman and Reeb, 2001) . For this during the daytime low tides along three five-metergroup, life in the intertidal zone demands physiologi-long transects perpendicular to the shoreline, extendcal and biochemical adaptations related to desiccation, ing from the water's edge to the upper intertidal zone, temperature, and salinity tolerance, and the capabil-with 10 m between each transect. Along each transect, ity to withstand environmental variations (Jensen and we measured crab density under rocks using 0.09 m -2 Armstrong, 1991; Stillman and Somero, 1996 ; Yaikin quadrants at five intertidal heights: 0.2, 0.6, 1. 2, 1.6 et al., 2002) . In terms of oxygen availability, changes and 2.0 m above mean low water (MLW). in water temperature could affect the efficiency of For the experimental studies, similar sized anicapturing oxygen, and consequently provoke an in-mals, ranging between 12.9 and 19.5 mm cephalotcrease in anaerobic metabolism, resulting in lactate horax length (CL), were collected at the study site accumulation (Stillman, 2000 , Yaikin et al., 2002 . To and transported in refrigerated containers to the respond to these disturbances, organisms must change Physiology Laboratory of the Universidad Católica de their physiology to modify their oxygen consumption, la Santísima Concepción. In the laboratory, the anitake oxygen from the environment and transport it ef-mals were kept in individual aquaria and acclimated ficiently to their tissues. One of these changes is the without food at 14ºC for three days (Chen and Chia, modification of the oxygen-haemocyanin binding af-1997; Lucu and Devescovi, 1999, Castillo-Blasco et finities through an allosteric interaction with ions like al., 2009), in filtered and aerated seawater. Followlactate (Decker and Foll, 2000) .
ing acclimatization, each animal was assigned to an Intertidal porcelain crabs show wide differences experimental treatment. in their tolerances to high temperatures. Research on To assess the effect of aerial exposure on the res-Petrolisthes cinctipes, P. eriomerus and other species from the Porcellanidae family has shown that the upper tolerance limit of these species is very close to the temperature of their environment (Jensen and Armstrong, 1991; Somero, 2002; Stillman, 2003) . In this sense, any modification in this variable due to macro-scale phenomena like global warming, could cause problems for the survival of these organisms (Helmuth et al., 2002) .
